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0 A lighting device of discharge lamp. 
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@ When a discharge lamp is started, high voltage 
pulses which superpose the voltage due to LC reso- 
nance of a resonance circuit are applied to the 
discharge lamp, and breakdown occurs in the dis- 
charge lannp. The pulse energy needed for the high 
voltage pulses is small and the output power of the 
resonance circuit can be decreased. After the break- 
down, the energy needed for the transfer from glow 
discharge to arc discharge is supplied by the reso- 
nance, and the high voltage pulses used to supply 
the starting energy are allowed to be stopped to be 
supplied. Thus, the starting and restriking of a dis- 
charge lamp is sure, and the size of the lighting 
device of discharge lamp can be made more com- 
pactly. 
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BACKGROUND OF THE INVENTION 
Field of the Invention 

The present invention relates to a lighting de- 
vice of discharge lamp for starting a discharge 
lamp and for controlling lighting. 

Description of the Prior Art 

A practical lighting device of a discharge lamp 
such as a metal halide lamp has been proposed for 
many years. R.T.EIms, J.C.Engel and G.F.Saletta 
(Journal of IBS. 1975 October, pp. 26 - 30) ana- 
lyzed restriking process and found that the re- 
striking process consists of three relatively inde- 
pendent stages: initial breakdown, hot spot forma- 
tion and arc establishment. 

In order to reduce or remove substantially the 
harmful electric migration and sonic resonance 
which occur generally during lighting of a dis- 
charge lamp, there is known a lighting device of 
discharge lamp which supplies a high electric volt- 
age generated by the LC resonance to the dis- 
charge lamp between a pair of electrodes thereof 
to excite an excitable component in the discharge 
lamp, then supplies a high frequency electric cur- 
rent having an amplitude within a predetermined 
range and having a predetermined repetition ve- 
locity to the pair of electrodes with use of a high 
frequency inverter, and then changes the direction 
of the supplied high frequency current in turn pe- 
riodically. 

For example. Fig. 1 shows such a lighting 
device of discharge lamp disclosed in Japanese 
Patent laid open Public No. 273.183/1986. In order 
to start and light a discharge lamp, a high voltage 
(resonance voltage) generated by the series reso- 
nance of an LC circuit consisting of a capacitor C2 
and a choke coil L Is supplied to a discharge lamp 
R. Because the resonance voltage keeps a har- 
monic wave so that a starting energy larger than an 
energy generated by applying a high voltage pulse 
can be supplied to the discharge lamp R. There- 
fore, the starting characteristic can be improved 
generally when compared with the technique of 
applying high voltage pulses. However, in order to 
start (restrike) a discharge lamp of this kind, a 
breakdown voltage of a tew to a few ten kilovolts is 
needed. In order to secure such a high voltage with 
use of series resonance of LC circuit, it is neces- 
sary to supply a resonance current of a few am- 
peres to the capacitor C2 and the choke coil L at 
the same time. Therefore, the core size of choke 
coil L has to be increased in order to prevent the 
saturation of the choke coil L and the sizes of the 
choke coil L and the capacitor 02 have to be 
increased in order to secure the insulation against 



the high voltage generated at the resonance. Thus, 
the starting device is hard to be manufactured of a 
smaller size. 

5 SUMMARY OF THE INVENTION 

An object of the present invention is to provide 
a lighting device of discharge lamp which can 
improve the starting characteristic and can be pro- 

10 duced compactly. 

A lighting device of discharge lamp, comprising 
(a) a resonance circuit including a series circuit 
consisting of a coil and a capacitor; (b) a discharge 
lamp connected in series to the series circuit of 

15 said resonance circuit so that the voltage between 
said coil of said resonance circuit is applied to the 
discharge lamp; (c) an oscillator circuit which can 
supply an alternating voltage to said resonance 
circuit through a driver circuit, which oscillator cir- 

20 cuit can oscillate at a first frequency around the 
resonance frequency of said series circuit and at a 
second frequency different from the first frequency; 
(d) a pulse generator connected to said discharge 
lamp in series or In parallel for supplying pulses. 

25 the voltage of which pulses being high enough to 
cause breakdown in said discharge lamp; (e) a 
detector for detecting a lamp characteristic which 
can be used to confirm the starting of said dis- 
charge lamp; and (f) a lighting controller for control- 

30 ling the lighting of said discharge lamp by making 
said oscillator circuit oscillate at the first frequency 
when said detector does not confirm the starting 
and makes said oscillator circuit stop the reso- 
nance of said resonance circuit. 

35 The resonance frequency of the starting device 

for discharge lamp can be controlled so that a 
resonance voltage is generated due to the LC 
series resonance. Further, the pulse generator sup- 
plies high voltage pulses, superposing the reso- 

40 nance voltage, to the discharge lamp. The pulses 
for starting have a voltage large enough to cause 
breakdown between the main electrodes of the 
discharge lamp. Most of the energy needed after 
the breakdown of discharge lamp, for the transfer 

45 of glow discharge to arc discharge, is supplied by 
the resonance voltage. Thus, the energy needed 
for generating the pulses may be small, and the 
voltage of the pulses may be small enough only to 
start the initial discharge. 

50 It is an advantage that the starting characteris- 

tic of the discharge lamp is improved and the size 
of the lighting device can be made more compac- 
tly. 

55 BRIEF DESCRIPTION OF THE DRAWINGS 

These and other objects and features of the 
present invention will become clear from the follow- 
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jng description taken in conjunction with the pre- 
ferred embodiments thereof with reference to the 
accompanying drawings throughout which like 
parts are designated by like reference numerals, in 
which: 

Fig. 1 is a circuit diagram of a prior art lighting 
. device of discharge lamp; 
Rg. 2 is a circuit diagram of a fighting device of 
discharge lamp of Example 1 ; 
Rg. 3 is a circuit diagram of a lighting device of 
discharge lamp of Example 2; 
Rg. 4 is a circuit diagram of a lighting device of 
discharge lamp of Example 3; 
Rg. 5 is a circuit diagram of a lighting device of 
discharge lamp of Example 4; 
Rg. 6 is a circuit diagram of a lighting device of 
discharge lamp of Example 5; 
Rg. 7 is a circuit diagram of a lighting device of 
discharge lamp of Example 6; 
Rg. 8 is a circuit diagram of a lighting device of 
discharge lamp of Example 7; 
Rg. 9 is a circuit diagram of a lighting device of 
discharge lamp of Example 8; 
Rg. 10 is a diagram of phase control of a 
lighting device of discharge lamp of Example 9; 
Rg. 11 is a circuit diagram of a lighting device 
of discharge lamp of Example 9; 
Rg. 12 is a diagram of phase control of the 
lighting device of discharge lamp of Example 9; 
Rg. 13 is a circuit diagram of a lighting device 
of discharge lamp of Example 10; 
Rg. 14 is a circuit diagram of a lighting device 
of discharge lamp of Example 1 1 ; 
Rg. 15 is another circuit diagram of the lighting 
device of discharge lamp of Example 11; 
Rg. 16 is a circuit diagram of a lighting device 
of discharge lamp of Example 12; 
Rg. 17 is a circuit diagram of a lighting device 
of discharge lamp of Example 13; and 
Rg. 18 is a diagram of resonance voltage and 
current of Example 13. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Embodiments of the present invention will be 
explained below with reference to the accompanied 
drawings. 

Example 1 

Fig. 2 shows a circuit diagram of a lighting 
device of discharge lamp of Example 1, wherein 
reference numeral 1 1 designates a power supply, 
reference numerals 12 and 13 designate capaci- 
tors, reference numeral 14 designates a choke coil, 
reference numeral 15 designates a discharge lamp, 
reference numeral 16 designates a high voltage 



pulse generator, reference numeral 17 designates a 
detector, and reference numeral 18 designates a 
lighting controller. An LC series resonance circuit 
consists of the capacitors 12, 13 and the choke coil 
5 14. The power supply 11 is connected to the 
capacitor 12, the choke coil 14 , the high voltage 
pulse .generator 16 and the detector 17 so as to 
start and light the discharge lamp 15. The power 
supply 11 has a direct current power supply 19. a - 

10 high frequency inverter 20 for driving the discharge 
lamp 15 via the capacitors 12, 13 and the choke 
coil 14, and an oscillator 21, The oscillator 21 is 
controlled by the lighting controller 18, so that if 
the oscillation frequency of the high frequency in- 

16 verier 20 becomes the resonance frequency deter- 
mined by the capacitance of the capacitors 12 and 
13 and the inductance of the choke coil 14 of the 
LC series resonance circuit, a high voltage is gen- 
erated between the two terminals of the capacitor 

20 13 connected in parallel to a series circuit of the 
discharge lamp 15 and the high voltage pulse 
generator 16. At the same time, high voltage 
pulses are also supplied from the high voltage 
pulse generator 16 between the main electrodes of 

25 the discharge lamp 15. That is, the high voltage 
pulse generator 16 has a pulse transformer 22. a 
charger circuit 23, a discharge gap 24 and a ca- 
pacitor 25. A high frequency output of the charger 
circuit 23 is charged to the capacitor 25, then it is 

30 sent via the discharge gap 24 to the primary wind- 
ing of the pulse transformer 22, so that a pulse 
voltage of small energy, but high enough to cause 
breakdown between the main electrodes in the 
discharge lamp 1 5 is outputted from the secondary 

35 winding of the pulse transformer 22 to the dis- 
charge lamp 15. In this Example, the high voltage 
generator 16 is connected so as to apply high 
voltage pulses in series to the discharge lamp 16. 
However, it is also connected so as to apply high 

40 voltage pulses in parallel to the discharge lamp 16. 
The output voltage of the secondary winding of the 
pulse transformer 22 is applied via the capacitor 13 
to the discharge lamp 15 to cause breakdown 
between the discharge lamp 15, The detector 17 

45 detects the state of the discharge lamp 15 at this 
time to send a detection signal to the lighting 
controller 18. The impedance of the detector 17 is 
small so as not to affect the resonance condition of 
the series resonance circuit, the attenuation and 

50 absorption of the generated high voltage pulses 
and the limit of the lamp current. 

The operation of the lighting device of dis- 
charge lamp 15 having the above-mentioned struc- 
ture is explained below. If an output voltage of the 

55 direct current power supply 19 is supplied via a 
resistor 26 to the middle point of the primary 
winding of a transformer 27. transistors 28, 29 are 
switched alternately according to a signal of the 
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oscillator 21 and a current flows through the resis- 
tor 26, the primary winding of the transformer 27 
and either of the transistors 28 and 29, so that an 
alternating voltage of the oscillating frequency set 
by the lighting controller 18 is generated at the 
secondary winding of the transformer 27 to act 
drivers 32 and 33 for driving field effect transistors 
(FETs) 30, 31 as switching elements. At this time, 
the FETs are turned on and off alternately with a 
rest time set by the lighting controller 18. In this 
circuit, the inductance component of the choke coil 
14 and the secondary winding of the pulse trans- 
former 22 acts as an inductance to limit the lamp 
current when the discharge lamp 15 is turned on. 
The capacitor 12 has a function to keep the dis- 
charge lamp 15 lighting by being charged in the off 
periods of the FET 30 while by being discharged in 
the on periods of the FET 31, and it acts as a 
capacitance component when the resonance volt- 
age is generated. The choke coil 14 acts to limit 
the lamp current, and it has also a function to act 
as an inductance component when the resonance 
voltage Is generated. 

In this Example, when the direct current power 
supply 19 is turned on, the high frequency inverter 
20 oscillates at a low frequency of the order of 2 
kHz at first to supply it to the series resonance 
circuit consisting of the capacitors 12. 13 and the 
choke coil 14. If a high frequency resonance volt- 
age generated by the resonance circuit superposes 
the generated low frequency voltage, the detector 
17 detects the resonance voltage. The lighting con- 
troller 18 increases the oscillation frequency of the 
high frequency inverter 20 to say about 100 kHz. If 
this high frequency is set around the resonance 
frequency of the series resonance circuit, a reso- 
nance voltage of a few hundred or a few thousand 
voltages is generated at the two terminals of the 
capacitor 13. Because the charger circuit 23 in- 
cluded in the high voltage pulse generator 16 is 
connected in parallel with the capacitor 13, the 
input voltage of the charger circuit 23 increases as 
the voltage at the both terminals of the capacitor 13 
increases due to the resonance, so that the capaci- 
tor 13 Is charged. If the voltage attains the break- 
down voltage at the discharge gap 24, breakdown 
occurs at the discharge gap 24, and a high fre- 
quency output is inputted to the primary winding of 
the pulse transformer 22 via the discharge gap 24. 
Then, an enhanced pulse voltage is generated at 
the secondary winding of the pulse transformer 22, 
and it is applied via the capacitor 13 to the dis- 
charge lamp 15. Thus, breakdown in the area be- 
tween the main electrodes of the discharge lamp 
15 occurs to start the Initial discharge. The capaci- 
tor 13 also has a function to prevent the feed back 
of the high voltage pulses to the side of the power 
supply 11. At this time, a resonance voltage of a 



few hundred to a few thousand volts generated at 
the capacitor 13 due the resonance has been sup- 
plied to the discharge lamp 15 beforehand. Then, a 
large part of starting energy necessary from the 
5 start of the initial discharge to the transfer to the 
arc discharge can be given by the supplied reso- 
nance voltage. Therefore, a pulse voltage of very 
narrow pulse width and of small energy enough to 
cause breakdown between the main electrodes of 
10 the discharge lamp 15 and to start the initial dis- 
charge is enough as high voltage pulses to be 
applied by the high voltage pulse generator 16 to 
the discharge lamp 15. According to the above- 
mentioned series of operation, the discharge lamp 
76 15 can be started and lighted easily, without being 
turned off during the transfer from glow discharge 
to arc discharge. 

When the discharge lamp 15 is lighted, the 
impedance of the discharge lamp 15 is lowered so 
20 that a large current flows through the discharge 
lamp 15. Therefore, the series resonance circuit 
consisting of the capacitors 12, 13 and the choke 
coil 14 cannot maintain the resonance. At this time, 
the detector 17 detects the start of the discharge 
25 lamp 15 by detecting a rapid change of the current 
flowing the series resonance circuit. Then, the light- 
ing controller 18 controls so that the oscillation 
frequency of the high frequency inverter 20 be- 
comes for example of the order of about 10 kHz. 
30 Then, the lighting controller 18 controls so that 
when the lamp voltage is low, the oscillation fre- 
quency of the high frequency inverter 20 is lowered 
to increase the current flowing the discharge lamp 
15 through the choke coil 14 while when the lamp 
35 voltage is high, the oscillation frequency of the high 
frequency inverter 20 is increased to decrease the 
current flowing through the discharge lamp 15 
through the choke coil 14. 

In this Example, if the discharge lamp 15 Is 
40 Started and the impedance of the discharge lamp 
15 is lowered due to the lamp current, the series 
resonance circuit cannot maintain the resonance 
and the voltage supplied between the two terminals 
of the capacitor 13 or the input voltage of the 
45 charger circuit 23 included in the high voltage 
pulse generator 16 to stop the generation of high 
voltage pulses automatically. The input impedance 
of the charge circuit 23 is larger enough than that 
of the capacitor 13, so that the resonance con- 
so ditions of the series resonance circuit is not af- 
fected by the input impedance. 

As explained above, a large part of the energy 
needed for the transfer from the glow discharge to 
arc discharge of the discharge lamp 15 is supplied 
55 by the resonance voltage. Contrary to prior art, the 
energy of high voltage pulse generated by the high 
voltage pulse generator 16 is used for the energy 
needed for the breakdown of the discharge lamp 
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15. Therefore, the starting energy needed to be 
generated at the resonance is expected to be ef- 
fective even if it is a very small quantity compared 
with prior art. Especially, the peak value of the 
resonance voltage needed for the breakdown of the s 
discharge lamp 15 can be decreased down to a 
few hundred to a few thousand kiiovolts (about a 
tenth of prior art value). Therefore, the inductance 
value of the choke coil 14 can be decreased to 
about a tenth of prior art choke coil, and its io 
voltage-proofness can also be decreased so that 
the volume of the choke coil 14 can be decreased 
largely. The capacitors 12 and 13 can also be 
made compact largely because the voltage-proof- 
ness needed for them is decreased. Thus, though is 
the number of the components needed for the start 
and lighting of the discharge lamp 15 increases, 
the size of the total lighting device can be made 
more compactly to a large extent. Further, the 
output voltage of the direct current power supply 20 
1 9 can be decreased largely by using resonance. 

In this Example, a change in resonance current 
according to a change in impedance of the dis- 
charge-lamp 15 is used to detect the starting and 
lighting -of the discharge lamp 15. However, another 25 
lamp characteristic such as lamp current, lamp 
voltage or luminous intensity useful to confirm the 
starting and lighting of the lamp can also be used 
for the detection. 

The. discharge gap 24 is used to generate high 30 
voltage -pulses in this Example. However, other 
means such as a semiconductor switching device 
can also be used. 

In this Example, when the detection signal is 
received from the detector 17. the lighting control- 35 
ler 18 changes the oscillation frequency of the high 
frequency inverter 20. However, other techniques 
to reduce the energy supplied after the initial start- 
ing can also be adopted. For explained below, 
wherein reference numeral 11 designates a power 40 
supply, reference numerals 12 and 13 designate 
capacitors, reference numeral 14 designates a 
choke coil, reference numeral 15 designates a dis- 
charge lamp, reference numeral 34 designates a 
high voltage pulse generator, reference numeral 17 45 
designates a detector, and reference numeral 35 
designates a lighting controller. A series resonance 
circuit consists of the capacitors 12. 13 and the 
choke coil 14. A charger circuit 36 of the high 
voltage pulse generator 34 is connected to an input 50 
terminal of the power supply 11 or between the 
drain and the source of an FET 31 . If the charger 
circuit 36 receives an output signal from the light- 
ing controller 35 according to a signal sent from 
the delector 17, the charging circuit 36 stops the 55 
generation of high voltage pulses by stopping the 
charging. The following fundamental operation is 
similar to that of Example 1 : When electric power 
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is supplied to the lighting device of discharge lamp, 
high voltage pulses are applied to the discharge 
lamp 15 from the high voltage pulse generator 34 
accompanied with the generation of resonance volt- 
age, and the discharge lamp 15 is started and 
lighted. 

In Example 1, the stopping of the application of 
high voltage pulses is performed automatically by 
using the insufficient charging to the high voltage 
pulse generator 16 according to the destruction of 
resonance conditions of the example, the lighting 
controller 18 may change the duty ratio of the 
oscillation of the high frequency inverter 20. That 
is, the duty ratio of the FETs 30, 31 may be 
changed so as to reduce the period wherein al- 
ternating voltages are supplied by them. The out- 
put current of the direct current power source 19 
may also be limited so as to reduce of the output 
power of the power source 1 9. 

Further, the power supply 1 1 is composed of a 
series inverter circuit in this Example. However, 
such a circuit as a bridge inverter circuit which can 
alternate the polarity of the output voltage to get a 
similar effect can also be used. 

The lamp current under lighting in this Exam- 
ple is limited with use of the capacitor 12 and the 
choke coil 14. However, the current can also be 
limited by the direct current power supply located 
at the front stage of the high frequency inverter, or 
by using chopper action of a semiconductor ele- 
ment used in the high frequency inverter. 

The high frequency inverter 20 performs the 
inverter action to alternate the polarity of the output 
voltage under resonance, while it can also send an 
alternating voltage of low frequency or a direct 
output when the discharge lamp 15 Is lighted. 

Example 2 

Next, a lighting device of discharge lamp of a 
second Example of this embodiment displayed in 
Fig. 3 will be series resonance circuit consisting of 
the capacitors 12, 13 and the choke coil 14 or 
according to the lowering of the voltage generated 
at the two terminals of the capacitors 13 accom- 
panied with the starting and lighting of the dis- 
charge lamp 15. However, such a technique has a 
problem that after the' discharge lamp 15 is started 
and lighted, residual charges remain owing to the 
time constant of the charger circuit 36, so that an 
unnecessary pulse voltage is generated. Thus, after 
the discharge lamp is turned on, flickering may 
happen or the discharge lamp 15 may oscillate at a 
high frequency after the transfer to the arc dis- 
charge. 

In this Example, when the detector 17 detects 
the starting and lighting of the discharge lamp 15 
to send a signal to the lighting controller 35 and the 
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lighting controller 35 controls the oscillation fre- 
quency of the high frequency inverter 20, the light- 
ing controller 35 sends a signal to the high voltage 
pulse generator 34 at the same time in order to 
stop the charging of the charging circuit 36 so as 
to stop the generation of high voltage pulses. 
Therefore, just after the discharge lamp 15 is start- 
ed and lighted, the application of high voltage 
pulses to the discharge lamp 15 is stopped surely, 
and rapid transfer to arc discharge can be realized. 

Further, In Example 2, the charging circuit 36 
of the high voltage pulse generator 34 is connected 
to an output terminal of the power supply 11 or to 
an input terminal of the FETs between the drain 
and the source, so that the amplitude of the input 
impedance does not affect the resonance con- 
ditions of the series resonance circuit. Therefore, it 
becomes possible that the input Impedance of the 
high voltage pulse generator 34 can be decreased 
very largely. Then, the time constant for charging 
the charger circuit 36 can be shortened, so that the 
frequency of the generation of high voltage pulse 
or the pulse interval can be narrowed. Thus, even if 
the energy per high voltage pulse is decreased, the 
number of high voltage pulses applied to the dis- 
charge lamp 15 per unit time can be increased, 
and the starting characteristic can be improved 
more than in Example 1. Further, because the 
energy per high voltage pulse is decreased, the 
charging circuit 36 and the high voltage pulse 
generator 34 can be made more compactly. 

In this Example, the high voltage pulse gener- 
ator 34 is set at the side of the ground of the 
discharge lamp 15. However, it can also be set at 
the high voltage side of the discharge lamp 15. 
Further, the phase of the generation of high voltage 
pulses may be synchronized with the switching of 
the power supply 11. In this case, the discharge 
lamp 15 can easily kept to be lighted if the phase 
of the generation of high voltage pulses is set 
between 30* and 60' or between 210' and 270' . 

Example 3 

Fig. 4 displays a lighting device of discharge 
lamp of Example 3 of the present invention. In Fig. 
4, reference numeral 11 designates a power sup- 
ply, reference numerals 12 and 13 designate ca- 
pacitors, reference numeral 14 designates a choke 
coll, reference numeral 15 designates a discharge 
lamp, reference numeral 37 designates a high volt- 
age pulse generator, reference numeral 38 des- 
ignates a detector, reference numeral 39 desig- 
nates a high voltage pulse controller and reference 
numeral 40 designates a lighting controller. A se- 
ries resonance circuit consists of the capacitors 12, 
13 and the choke coil 14. The power supply 11 has 
the same structure and function as that in Example 



1 and It is connected via the capacitor 12, the 
choke coil 14, the high voltage pulse generator 37 
and the detector 38 to the discharge iamp 15 for 
starting and lighting. 
6 Different points of this Example from Example 

1 are as follows: The detector 38 detects the start- 
ing and the lighting of the discharge lamp 15 while 
it also detects the resonance current generated in 
the series resonance circuit consisting of the ca- 
10 pacitors 12, 13 and the choke coil 14 to find the 
peak value of the resonance current. Further, a 
thyristor 41 as a switching element with a control 
terminal is used instead of the discharge gap 24 in 
Example 1. The detector 38 Is arranged in a posi- 

75 tion to detect the resonance current as shown In 
Fig. 4 and finds the peak value of the resonance 
current to send a detection signal to the high 
voltage pulse controller 39. The high voltage pulse 
controller 39 is connected to the gate of the thyris- 

20 tor 41 In the high voltage pulse generator 37. That 
is, in this Example, even if a capacitor 25 con- 
nected to the output of the charging circuit 36 
included in the high voltage pulse generator 37 is 
charged completely, the thyristor 41 is not turned 

25 on before it receives a detection signal from the 
high voltage pulse controller 39 and the charges in 
the capacitor 25 are maintained. Then, when the 
detector 38 detects the resonance current to find 
its peak value, it sends a detection signal to the 

30 high voltage pulse controller 39. Then, high voltage 
pulses are generated by the high voltage pulse 
generator 37 and they are superposed to the peak 
value of the resonance voltage to be applied to the 
discharge lamp 15. In Example 1, it is difficult to 

35 generate high voltage pulses surely around the 
peak of the resonance voltage, whereas in this 
Example, high voltage pulses can be applied to the 
discharge lamp 15 surely at the peak value of the 
resonance voltage. Therefore, the effect of the 

40 superposition of the high voltage pulses to the 
peak value of the resonance voltage is. enhanced 
and It becomes possible to start the discharge 
lamp 15 surely. 

In this Example, the resonance current is de- 

45 tected in order to control the generation of high 
voltage pulses. However, the resonance voltage 
may also be detected instead of the resonance 
current. Further, though the peak value of reso- 
nance is detected in this Embodiment, a value 

50 above a certain value to be effective to improve the 
starting characteristic of the discharge lamp 15 
may be detected instead of the peak value in order 
to activate the high voltage pulse generator 37. 

55 Exanrtple 4 

Fig. 5 displays a lighting device of discharge 
lamp of Example 4 of the present invention. In Fig. 
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5, reference numeral 11 designates a power sup- 
ply, reference numerals 12 and 13 designate ca- 
pacitors, reference numeral 14 designates a choke 
coil, reference numeral 15 designates a discharge 
lamp, reference numeral 37 designates a high volt- s 
age pulse generator, reference numeral 38 des- 
ignates a detector, reference numeral 42 desig- 
nates a high voltage pulse controller, reference 
numeral 43 designates a lighting controller, and 
reference numeral 44 designates an oscillation con- io 
troller. A series resonance circuit consists of the 
capacitors 12, 13 and the coil 14. The power sup- 
ply 11 is connected via the capacitor 12, the choke 
coil 14, the high voltage pulse generator 37 and the 
detector 38 to the discharge lamp 15 for starting 75 
and lighting. 

In this Example, the oscillation controller 44 is 
arranged between the lighting controller 43 and 
controls the oscillation circuit 21 for driving the 
high frequency inverter 20 in the power supply 11 20 
so as to oscillate intermittently. That is, a period 
wherein the oscillation is performed around the 
resonance frequency of the series resonance cir- 
cuit, .and another period wherein the oscillation is 
stopped are repeated in turn. At the same time, in 25 
the period ^hen the oscillation circuit 21 is op- 
erated, a signal is sent from the oscillation control- 
ler 44 via the lighting controller 43 and the detector 
38 to the:high voltage pulse controller 42, and the 
high voltage pulse generator 37 is operated to 30 
apply high: voltage pulses to the discharge lamp 15 
for starting and lighting. Therefore, similarly to Ex- 
ample 3, even if a capacitor 25 connected to the 
output of the charging circuit 36 included in the 
high voltage pulse generator 37 is charged com- 35 
pletely, the thyristor 41 is not turned on before it 
receives a signal from the high voltage pulse con- 
troller 42 and the charges in the capacitor 25 are 
maintained. Thus, the high voltage pulse generator 
37 acts to apply high voltage pulses to the dis- 40 
charge lamp 15 to start and light the discharge 
lamp 15, in synchronization with the period of the 
generation of resonance determined according to a 
signal received from the oscillation controller 44. 
Then, in a period wherein the oscillation around the 45 
resonance frequency is performed, the resonance 
voltage is supplied to the discharge lamp 15, and 
high voltage pulses superpose the resonance volt- 
age. Therefore, a. voltage enough to start the dis- 
charge lamp 15 can be generated. Further, be- so 
cause a period wherein the oscillation is stopped 
and the resonance current does not flow is pro- 
vided, the value per unit time of resonance current 
flowing through the capacitors 12. 13 and the 
choke coil 14 decreases. Thus, the electric power 55 
per unit time to be supplied to the capacitors 12, 
13 and the choke coil 14 decreases when the 
intermittent oscillation is performed, so that the 
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maximum output power of the power source 11 can 
be decreased. Therefore, the size of the power 
source 11 can be decreased, while the discharge 
lamp 15 can be started and lighted surely when the 
intermittent oscillation is repeated. 

Example 5 

Fig. 6 displays a lighting device of discharge 
lamp of Example 5 of the present invention. In Hg. 
6, reference numeral 11 designates a power sup- 
ply, reference numerals 12 and 13 designate ca- 
pacitors, reference numeral 45 designates a choke 
coil, reference numeral 15 designates a discharge 
lamp, reference numeral 16 designates a high volt- 
age pulse generator, reference numeral 17 des- 
ignates a detector, and reference numeral 46 des- 
ignates a high voltage pulse controller. A series 
resonance circuit consists of the capacitors 12, 13 
and the choke coil 45. The power supply 11 is 
connected via the capacitor 12, the choke coiK45, 
the high voltage pulse generator 16 and the detec- 
tor 17 to the discharge lamp 15 for starting and 
lighting. 

In this Example, the lighting controller 46 has a 
function to control the saturation current character- 
istic. That is, when resonance voltage is generated 
or when the resonance current flows through the 
choke coil 45. the coke coil 45 does not saturate, 
whereas the choke coll 45 saturates and the induc- 
tiance component vanishes just after the discharge 
lamp 15 is turned on or in a period wherein a large 
starting current flows through the choke coil 45. 
When an electric power is supplied to the lighting 
device having such a structure, similariy to in Ex- 
ample 1, as the resonance voltage is generated, 
high voltage pulses are supplied from the high 
voltage pulse generator 16 to the discharge lamp 
15 to start and light the discharge lamp 15. In this 
Example, the choke coil 45 is controlled to saturate 
to lose the inductance component in order to gen- 
erate a luminous intensity rapidly during a period 
when a large starting current is supplied to the 
discharge lamp 15 after the discharge lamp 15 is 
started. That is, if the detector 17 detects the 
starting of the discharge lamp 15, a signal is sent 
to the lighting controller 46, which controls the 
oscillation frequency of the oscillator 21 so that the 
choke coil 45 is saturated. Thus, the inductance 
component is decreased to limit the lamp current 
of the discharge lamp 15 to a very small value. In 
this Example, only the inductance component of 
the secondary winding of the pulse transformer 22 
included in the high voltage pulse generator 16 
remains as an inductance component, and the in- 
ductance component becomes about a tenth of the 
value when the discharge lamp 15 is lighted stably. 
Therefore, in a period for supplying a very large 
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starting current necessary to increase a luminous 
intensity rapidly, a very large starting current can 
be supplied to the discharge lamp 15. and a time 
required from the start to the stable lighting of the 
discharge lamp 1 5 can be shortened. 5 

When a starting current is supplied to the dis- 
charge lamp 1 5 to increase the lamp voltage of the 
discharge lamp 15, the gas pressure in the arctube 
in the discharge lamp 15 is also increased and the 
impedance of the discharge lamp 15 is increased. io 
Then, the lamp current is limited and it is lower 
than the value just after the starting of the dis- 
charge lamp 15, and it gradually decreases to a 
current value at which the choke coil 45 does not 
saturate. Thus, the choke coil 45 recovers the 75 
inductance component rapidly, and it acts as a 
current-limiting element having an inductance com- 
ponent necessary for the stable lighting of the 
discharge lamp 1 5. 

In this Example, the impedance component of 20 
the choke coil 45 recovers automatically owing to 
the increase in impedance of the discharge lamp 
15 after the supply of the starting current. Instead, 
for example, such a control may also be adopted to 
recover the inductance component by detecting the 25 
increase in lamp voltage. 

Example 6 

Fig. 7 displays a lighting device of discharge 30 
lamp of Example 6 of the present invention. In Fig. 
7, reference numeral 11 designates a power sup- 
ply, reference numerals 12 and 13 designate ca- 
pacitors, reference numeral 45 designates a choke 
coil, reference numeral 15 designates a discharge 35 
lamp, reference numeral 72 designates a high volt- 
age pulse generator, reference numeral 48 des- 
ignates a detector, and reference numeral 49 des- 
ignates a lighting controller. A series resonance 
circuit consists of the capacitors 12, 13 and the 40 
choke coil 45. The power supply 11 is connected 
via the capacitor 12, the choke coil 45, the high 
voltage pulse generator 72 and the detector 48 to 
the discharge lamp 15 for starting and lighting the 
discharge lamp 15. In this Example, the high volt- 45 
age pulse generator 72 includes a charging circuit 
47 having the capacitor 13 for consisting of the 
series resonance circuit, a discharge gap 24 and a 
pulse transformer 22. The charging circuit 47 has a 
double voltage rectifying circuit including capaci- so 
tors 13, 50 and 25. a resistor 51, and diodes 52 
and 53. 

This Example is characterized in that an input 
terminal of the double voltage rectifying circuit as 
charging circuit 47 is connected to the two termi- 55 
nafs of the capacitor 13 included in the LC series 
resonance circuit with the choke coil 45. That is, 
the resonance voltage generated at the two termi- 
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nals of the capacitor 13 is rectified to charge the 
capacitor 25 with a voltage necessary to cause 
breakdown at the discharge gap 24. When the 
voltage charged in the capacitor 25 attains a volt- 
age enough to cause breakdown at the discharge 
gap 24, breakdown occurs at the discharge gap 24 
and the generated pulse voltage enhanced by the 
pulse transformer 22 is applied to the discharge 
lamp 15 and breakdown occurs between the main 
electrodes in the discharge lamp 15. According to 
this series of operation, the discharge lamp 15 is 
started and lighted. 

When breakdown occurs between the main 
electrodes in the discharge lamp 15. the imped- 
ance of the discharge lamp 15 decreases and the 
resonance conditions of the LC resonance circuit 
do not hold. Then, the voltage for charging at the 
two terminals of the capacitor 25 becomes deficient 
and the generation of high voltage pulses stops 
rapidly. However, even after breakdown occurs be- 
tween the main electrodes of the discharge lamp 
15 to start glow discharge, the transfer to the arc 
discharge does not occur in the discharge lamp 15 
due to for example the deficient starting energy. 
Thus, the impedance of the discharge lamp 15 
increases again so that the resonance conditions of 
the LC series vibration circuit recovers and the 
capacitor 25 is charged at a high voltage. Then, the 
high voltage pulse generator 72 acts to generate 
high voltage pulses to be applied to the discharge 
lamp 15. By repeating such an operation, the dis- 
charge lamp 15 transfers completely to arc dis- 
charge to attain stable lighting. The fundamental 
operation of the power supply 1 1 including the high 
frequency inverter 20 is the same as in Example 1 . 

This Example is characterized in that the ca- 
pacitor 25 in the high voltage pulse generator 72 is 
charged by rectifying a high voltage of high fre- 
quency generated on resonance, and this makes it 
easy to get a high voltage enough to cause break- 
down at the discharge gap 24 by using a simple 
circuit structure. In other words, a sufficiently high 
voltage can be realized with use of a voltage rising 
circuit of a relatively low order. Thus, a charger 
circuit 47 can be made more compactly to a large 
extent than previously. 

In the structure of the double voltage rectifying 
circuit of the charger circuit 47, the resistor 51 
plays a role of a limit resistance for preventing the 
selfsustaining discharge at the discharge gap 24. 
However, it can be replaced with another technique 
to prevent the selfsustaining discharge at the dis- 
charge gap 24. The resistor 51 can also be ar- 
ranged in a place for example in series with the 
diode 52 if the effect of this Example can be 
realized. In this Example, a double voltage rectify- 
ing circuit is used. However, a rectifying circuit 
such as a triple or quadruple voltage rectifying 
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circuit can also be used. If the resonance voltage 
which is generated at the two terminals of the 
capacitor 13 is surely large enough to cause break- 
down at the discharge gap 24, a rectifying circuit 
without the voltage rising function can also be 
used. In this exannple, the resonance voltage gen- 
erated at the two terminals of the capacitor 13 in 
the LC series circuit is used for rectifying. How- 
ever, the resonance voltage at the choke coil 45 
may also be used. 

Example 7 

Fig. 8 displays a lighting device of discharge 
lamp of Example 7 of the present invention. In Fig. 
8, reference numeral 11 designates a power sup- 
ply, reference numerals 12 and 13 designate ca- 
pacitors, reference numeral 54 designates a trans- 
former whose primary winding consists of an LC 
series resonance circuit with the capacitors 12, 13, 
reference numeral 15 designates a discharge lamp, 
reference numeral 73 designates a high voltage 
pulse generator including a transformer 54. refer- 
ence numeral 57 designates a detector, and refer- 
ence numeral 58 designates a lighting controller. 
The power supply 1 1 is connected via the capaci- 
tor 12, the high voltage pulse generator 73 and the 
detector 57 to the discharge lamp 15 for starting 
and lighting the discharge lamp 15. The high volt- 
age pulse generator 73 has the secondary winding 
of the transformer 54 as input terminals and a 
rectifying circuit as a charger circuit which Includes 
a capacitor 25, a diode 56, a discharge gap 24 and 
a pulse transformer 22. 

This Example has a characteristic that the input 
terminals of the high voltage pulse generator 73 
are connected to the secondary winding of the 
transformer 54 whose primary winding is included 
in the LC series resonance circuit. That is, the 
voltage generated at the two terminals of the pri- 
mary winding of the transformer 54 due to the LC 
series resonance circuit is risen and rectified by 
transmitting it to the secondary winding of the 
transformer 54. so that a voltage necessary to 
cause breakdown at the discharge gap 24 is 
charged in the capacitor 25. When the voltage 
charged in the capacitor 25 attains the voltage 
necessary to cause breakdown, breakdown occurs 
at the discharge gap 24, and pulse voltages gen- 
erated are risen at the pulse transformer 22 to be 
applied to the discharge lamp 15. Then, breakdown 
occurs between the main terminals of the dis- 
charge lamp 15. The fundamental procedure 
wherein the discharge lamp 15 is started and ligh- 
ted in the above-mentioned series of operation is 
similar to that in Example 1 . 

A characteristic of this Example is that the 
resonance voltage generated due to the LC series 



resonance Is risen with use of a transformer so that 
a voltage necessary for breakdown at the discharge 
gap can be charged in the capacitor with use of a 
rectifying circuit without a function to rise the volt- 

5 age. That is. the resonance voltage generated at 
the two terminals of the primary winding of the 
transformer 54 can be risen at a desired voltage 
easily by adjusting the number of the secondary 
winding. Therefore, the voltage rising process can 

10 be omitted, and the rectifying circuit can be made 
more compactly with a less weight. 

Similarly to Example 6, the resistance 51 in- 
cluded in the rectifying circuit plays a role of a limit 
resistor in order to prevent selfsustalning discharge 

76 at the discharge gap 24. If another means to limit 
the selfsustalning discharge is used, the resistor 55 
can be omitted. Further, the resistor 55 may also 
be arranged for example in series to the diode 16. 
if the effect of this Example is not deteriorated. 

20 

Example 8 

Fig. 9 displays a lighting device of discharge 
lamp of Example 8 of the present invention. In Fig. 

25 9, reference numeral 11 designates a power sup- 
ply, reference numerals 12 and 13 designate ca- 
pacitors, reference numeral 14 designates a choke 
coll, reference numeral 15 designates a discharge 
lamp, reference numeral 37 designates a high volt- 

30 age pulse generator, reference numeral 59 des- 
ignates a detector, reference numeral 39 desig- 
nates a high voltage pulse controller, and reference 
numeral 60 designates a lighting controller. A se- 
ries resonance circuit consists of the capacitors 12. 

36 13 and the choke coil 14. The power supply 11 Is 
connected via the capacitor 12, the choke coil 14, 
the high voltage pulse generator 37 and the detec- 
tor 57 to the discharge lamp 15 for starting and 
lighting of the discharge lamp 15, similarly to In 

40 Example 1, 

This Example differs from Example 1 as to the 
detector 59, which has a function to detect the 
starting and lighting of the discharge lamp 15 and a 
function to detect a peak value of the resonance 

45 voltage with a phase shifted by 90 • by detecting 
the resonance current generated in the series reso- 
nance circuit. Further, in this Example, a thyristor 
41 is used as a switching element having a control 
terminal instead of the discharge gap 24 in Exam- 

50 pie 1 and the detector 59 is arranged in a position 
wherein the resonance current can be detected as 
shown in Fig. 9. The detector 59 detects the peak 
value of the resonance voltage to send a detection 
signal to the high voltage pulse controller 39 which 

55 is connected to the gate lermlnal of the thyristor 41 
of the high voltage pulse generator 37. That is, in 
this Example, even if a capacitor 25 which is con- 
nected to the output of a charging circuit 36 in- 
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eluded in the high voltage pulse generator 37 is 
charged completely, the thyristor 41 Is not turned 
on before It receives a signal fronn the high voltage 
pulse controller 39, and the charges in the capaci- 
tor 25 are maintained. Then, when the detector 59 
detects the resonance current to find the peak 
value of the resonance voltage and sends a signal 
to the high voltage pulse controller 39. as shown in 
Fig. 10, high voltage pulses are generated by the 
high voltage pulse generator 37 and they are 
superposed on the peak value of the resonance 
voltage to be applied to the discharge lamp 15. 
That is, the gate signal is controlled to turn on the 
thyristor 41 around the peak value of the phase of 
the resonance voltage generated at the two termi- 
nals of the capacitor 13. In Examples 1 and 3. it Is 
difficult to generate high voltage pulses surely ar- 
ound the peak of the resonance voltage, whereas in 
this Example, high voltage pulses can be applied to 
the discharge lamp 15 surely at the peak value of 
the resonance voltage, so that the effect of the 
superposition of the high voltage pulse to the peak 
value is enhanced and it becomes possible to start 
the discharge lamp 15 surely. 

In this Example, the detector 59 detects the 
resonance current. However, the resonance voltage 
may also be detected instead of the resonance 
current. Further, in this Example, the peak value of 
resonance current is detected. However, a value 
above a certain value to be effective to improve the 
starting characteristic of the discharge lamp 15 
may be detected instead of the peak value in order 
to activate the high voltage pulse generator 37. 

Example 9 

Fig. 11 displays a lighting device of discharge 
lamp of Example 9 of the present invention. In Fig. 
1 1 , reference numeral 1 1 designates a power sup- 
ply, reference numerals 12 and 13 designate ca- 
pacitors, reference numeral 14 designates a choke 
coil, reference numeral 15 designates a discharge 
lamp, reference numeral 37 designates high a volt- 
age pulse generator, reference numeral 61 des- 
ignates a detector, and reference numeral 39 des- 
ignates a high voltage pulse controller, and nu- 
meral 62 designates a lighting controller. A series 
resonance circuit consists of the capacitors 12, 13 
and the choke coil 14. The power supply 11 is 
connected via the capacitor 12, the choke coil 14, 
the high voltage pulse generator 37 and the detec- 
tor 61 to the discharge lamp 15 for starting and 
lighting the discharge lamp 15. 

This Example differs from Example 1 as to the 
detector 61, which has a function to detect the 
starting and lighting of the discharge lamp 15 and a 
function to find a peak value of the resonance 
current by detecting the resonance current gen- 



erated in the series resonance circuit consisting of 
the capacitors 12, 13 and the choke coil 14. Fur- 
ther, in this Example, a thyristor 41 is used as a 
switching element having a control terminal, in- 

5 stead of the discharge gap 24 in Example 1, and 
the detector 61 . arranged in a position wherein the 
resonance current can be detected as shown in 
Fig. 11, detects the peak value of the resonance 
current to send a detection signal to the high 

10 voltage pulse controller 39 which is connected to 
the gate terminal of the thyristor 41 in the high 
voltage pulse generator 37. That is, in this Exam- 
ple, even if the capacitor 25 connected to the 
output of the charging circuit 36 included in the 

75 high voltage pulse generator 37 is charged com- 
pletely, the thyristor 41 is not turned on before it 
receives a signal from the high voltage pulse con- 
troller 39, and the charges in the capacitor 25 are 
maintained. Then, when the detector 59 finds the 

20 peak value of the resonance current by detecting 
the resonance current and sends a signal to the 
high voltage pulse controller 39, high voltage 
pulses are generated by the high voltage pulse 
generator 37 as shown in Fig. 12 and it is super- 

26 posed on the peak value of the resonance current 
to be applied to the discharge lamp 15. That is. the 
gate signal is controlled to turn on the thyristor 41 
around the peak value of the resonance current 
generated at the two terminals of the capacitor 13. 

30 In Examples 1 and 3, it is difficult to generate high 
voltage pulses surely around the peak of the reso- 
nance current, whereas in this Example, high volt- 
age pulses can be applied to the discharge lamp 
1 5 surely at the peak value of the resonance cur- 

35 rent. Thus, it becomes possible to supply a large 
starting current necessary for an energy needed for 
the transfer from glow discharge to arc discharge 
after the start of the discharge lamp 15. Priorly, the 
starting energy is supplied mainly by the energy of 

40 high voltage pulses applied to the discharge lamp 
and if only the starting energy of the high voltage 
pulse is available, an energy necessary for the 
transfer form the glow discharge to the arc dis- 
charge is deficient. Thus, the discharge lamp 15 is 

45 liable to be turned off just after the breakdown. On 
the contrary, according to this Example, a starting 
energy can be supplied surely even if an energy of 
high voltage pulse is decreased, and the discharge 
lamp 15 can be started more surely than in Exam- 

50 pies 1 and 3 even if the high voltage pulse gener- 
ator 37 is made more compactly. 

In this Example, the detector 59 detects the 
resonance current. However, the resonance voltage 
may also be detected instead of the resonance 

55 current. Further, in this Example, the peak value of 
resonance current is detected. However, a current 
value above a certain value to be effective to 
improve the starting characteristic of the discharge 

10 
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tamp 15 may be used instead of the peak value in 
order to activate the high voltage pulse generator 
37. 

Example 10 

Fig. 13 shows a circuit diagram of a lighting 
device of discharge lamp of Example 10, wherein 
reference numeral 11 designates a power supply, 
reference numerals 12 and 13 designate capaci- 
tors, reference numeral 14 designates a choke coil, 
reference numeral 15 designates a discharge lamp, 
reference numeral 63 designates a high voltage 
pulse generator, reference numeral 17 designates a 
detector, and reference numeral 18 designates a 
lighting controller. A series resonance circuit con- 
sists of the capacitors 12, 13 and the choke coil 14. 
The power supply 11 has the same structure and 
function as in Example 1: The power supply 11 is 
connected via the capacitor 12, the choke coil 14 
and the detector 1 7 to start and light the discharge 
lamp 15 after the discharge lamp 15 is started by 
the high voltage pulse generator 63. 

This Example differs from Example 1 as to the 
high voltage pulse generator 63. which includes a 
charging circuit 23 connected In parallel to the 
capacitor 13 included in an LC series resonance 
circuit, a capacitor 25 connected to an output ter- 
minal of the charging circuit 23. a discharge gap 
24, a pulse transformer 22 and an auxiliary elec- 
trode 64 -connected to an output terminal of the 
secondary winding of the pulse transformer 22 and 
arranged in an arctube of the discharge lamp 15 or 
around the discharge lamp 15 externally as shovyn 
in Fig. 13. 

When the power supply 11 is turned on. a 
resonance voltage is generated at the two terminals 
of the capacitor 13, and the high frequency output 
of the charging circuit 23 connected in parallel to 
the capacitor 1 3 is supplied to the capacitor 25 for 
charging. When the voltage charged in the capaci- 
tor 25 attains the breakdown voltage at the dis- 
charge gap 24, breakdown occurs at the discharge 
gap 24. and a pulse energy is inputted via the 
discharge gap 24 to the primary winding of the 
pulse transformer 22. The output voltage of the 
pulse transformer 22 is applied via the auxiliary 
electrode 64 to the discharge lamp 15 to cause- 
breakdown between the main electrodes. 

The control operation of the lighting controller 
18 after the breakdown to stable lighting and the 
fundamental operation of the power supply 11 in- 
cluding the high frequency inverter 20 are the 
same as in Example 1 . The auxiliary electrode 64 
for starting does not affect the lamp characteristics 
on lighting. 

This Example has a characteristic that the high 
voltage pulses generated at the secondary winding 
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of the pulse transformer 22 are applied to the 
discharge lamp 15 via the auxiliary electrode 64 
arranged in the arctube of the discharge lamp 15 
or around the discharge lamp 15 externally. The 

5 auxiliary electrode 64 acts as a proximate conduc- 
tor arranged in the arctube of the discharge lamp 
15 or around the discharge lamp 15 externally, and 
It has an effect to lower the starting voltage of the 
discharge lamp 15 by shortening the distance be- 

10 tween the main electrodes. Therefore, pulses which 
can restrike the discharge lamp 15 may be of a 
lower voltage when compared with such a case as 
in Example 1 wherein high voltage pulses gen- 
erated in the secondary winding of the pulse trans- 

76 former 22 are applied directly to the discharge 
lamp 15. 

Then, the voltage generated In the high voltage 
pulse generator 63 can be set lower than that in 
Example 1, and it is possible to lower the output 
20 voltage of the charging circuit 23 and the pulse 
transformer 22 so that the high voltage pulse gen- 
erator 63 can be made more compactly than the 
counterpart 16 in Example 1. 

25 Example 11 

Example 11 is the same as Example 10 except 
the auxiliary electrode of the discharge lamp 15. 
Fig. 14 displays the structure of a discharge lamp 

30 15 and an auxiliary electrode 65 for starting which 
is arranged around the discharge lamp 15 exter- 
nally. The structure and the function of the compo- 
nents except the auxiliary electrode 65 are similar 
to those in Example 10. 

35 This Example differs from Example 10 as to 

the auxiliary electrode 65 for starting, which is 
characterized in that at least a plane of the auxiliary 
electrode 65 opposing the arctube of the discharge 
lamp 15 Is covered with an insulator 66, as shown 

40 in Fig. 14. 

In general, when an auxiliary electrode for 
starting is arranged externally near the arctube of 
the discharge lamp in order to make the starting of 
the discharge lamp easier, the decrease in lu- 

45 minous Intensity due to the loss of the transpar- 
ency of the arctube is a problem to be solved. This 
Is ascribed to the negative charging of the auxiliary 
electrode when the discharge lamp is lighted. That 
is, when the auxiliary electrode is illuminated by 

50 the discharge of the discharge lamp, photoelec- 
trons are emitted, and the auxiliary electrode is 
charged negatively by them when the discharge 
lamp 15 is lighted. The metal enclosed in the 
arctube as Iodides are ionized when the discharge 

56 lamp is lighted and it exist as ions in the arctube. 
Among the ions, sodium ions have positive charges 
and their Ionic radius Is especially small. Therefore, 
if the auxiliary electrode located near the external 

11 
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wall of the arctube Is charged negatively, sodium 
Ions are attracted to the auxiliary electrode and 
permeate through the quartz crystals of the arctube 
to flow out to the external of the arctube. Then, the 
arctube becomes opaque and the life of the dis- 
charge lamp becomes shorter due to the loss of 
transparency or the like. 

On the contrary, the auxiliary electrode 65 of 
this Example is characterized to be covered with 
an insulator 66 at least on a plane opposing the 
arctube of the discharge lamp 15. Therefore, the 
light radiating the auxiliary electrode 65 from the 
discharge lamp 15 under lighting can be shielded 
without losing the effects of the auxiliary electrode 
65 that the distance between the main electrodes 
of the discharge lamp 15 can be shortened due to 
the existence of the auxiliary electrode 65 and that 
the voltage needed for starting can be decreased. 
Therefore, photoelectrons are not emitted from the 
auxiliary electrodes 65 when the discharge lamp 15 
is lighted, and the auxiliary electrode 65 is not 
charged negatively, so that the loss of transpar- 
ency of the arctube due to the flow of sodium ions 
can be prevented. Thus, a lighting device can be 
provided wherein the starting voltage of the dis- 
charge lamp 1 5 is lowered and the life of the lamp 
due to the loss of transparency or the like can be 
prevented. 

The insulator 66 is a material such as a ce- 
ramic or a glass which does not conduct electrons. 
It is not deteriorated at high temperatures near the 
arctube and does not affect the lamp characteris- 
tics. 

In this Example, the surface of the auxiliary 
electrode 65 is covered only on a plane opposing 
the arctube. However, as shown in Fig. 15, the 
auxiliary element 65 may be covered completely 
with a sheath-like insulator 67. 

Example 12 

Example 12 is similar to Example 10 except 
the structure of the discharge lamp 68. Fig. 16 
displays a discharge lamp 68 of a lighting device of 
discharge lamp according to Example 12. 

In this Example, the lighting operation is the 
same fundamentally as in Example 10. When the 
discharge lamp 68 is started, high voltage pulses 
are applied from the high voltage pulse generator 
69 via the auxiliary electrode 70 to the discharge 
lamp 15 and breakdown occurs between the main 
electrodes of the discharge lamp 65 to transfer to 
the stable lighting. 

This Example differs from Example 10 as to 
the arrangement of the high voltage pulse gener- 
ator 69, which is characterized to be enclosed in 
the discharge lamp 68. 

In this Example, when the discharge lamp 68 is 
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started, high voltage pulses are generated by the 
high voltage pulse generator 69 via the auxiliary 
electrode 70 by superposing the resonance voltage 
supplied from the external of the discharge lamp 

5 68, and they are applied to the discharge lamp 68. 
The high voltage pulses for starting the discharge 
lamp 68 can be generated inside the lamp, so that 
the attenuation due to the long distance transmit- 
tance of the pulses can be decreased very much 

10 and the radiation noises from the pulse transformer 
and the pulse transmission lines which exist out- 
side the discharge lamp 68 can be prevented. 
Further, because the attenuation of the pulses is 
small, the wave height of the high voltage pulses 

75 generated by the high voltage pulse generator 69 
can be decreased and the high voltage pulse gen- 
erator 69 can be made more compactly. 

The high voltage pulse generator 69 does not 
shield light radiating from the discharge lamp 68 

20 under lighting, and it does not affect the lighting 
characteristics of the discharge lamp 68 on lighting. 

The discharge lamp 68 shown in Fig. 16 has a 
structure of one base type. However, it may have a 
structure of a double base type. 

25 

Example 13 

Example 13 is similar to Example 1 fundamen- 
tally. Fig. 17 displays a lighting device of discharge 

30 lamp according to Example 13, wherein reference 
numeral 11 designates a power supply, reference 
numerals 12 and 13' designate capacitors, refer- 
ence numeral 14* designates a choke coil, refer- 
ence numeral 15 designates a discharge lamp, 

35 reference numeral 16 designates a high voltage 
pulse generator, reference numeral 17 designates a 
detector, and reference numeral 71 designates a 
lighting controller. An LC series resonance circuit 
consists of the capacitors 12, 13' and the choke 

40 coil 14'. The power supply 11 is connected to the 
capacitor 12, the choke coil 14*, the high voltage 
pulse generator 16 and the detector 17 so as to 
start and light the discharge lamp 15. The power 
supply 11 has a direct current power supply 19, a 

45 high frequency inverter 20 for driving the discharge 
lamp 15 via the capacitors 12, 13* and the choke 
coil 14*, and an oscillator 21. 

This Example is characterized in that the im- 
pedance of the LC series resonance circuit consist- 

50 ing of the capacitor 13" and the choke coil 14*. or 
the inductance of the choke coil 14* and the ca- 
pacitance of the capacitor 13*. is set so as to make 
resonance with the third harmonic wave (b) of the 
output (a) of the high frequency inverter 20, as 

55 shown in Fig. IS, and that the lighting controller 71 
operates to control that the oscillation frequency of 
the high frequency inverter 20 is changed accord- 
ing to the state of the discharge lamp 15 and the 

12 
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oscillation frequency can also be set to be the 
fundamental frequency (c) determined according to 
the impedance of the resonance circuit. In Fig. 18, 
VL designates the output voltage of the high fre- 
quency inverter 20, while IL1 and IL2 designate 5 
current forms of the third harmonic wave and of the 
fundamental wave flowing through the choke coil 

14, respectively. 

The operation of the lighting controller 71 of 
this Exannple for starting a discharge lamp 15 in io 
the cool state will be explained below. The cool 
state means a state wherein a sufficient time 
passes after the lamp is turned off and the gas 
pressure, the temperature or the like in the arctube 
decrease sufficiently when compared with the is 
counterparts during lighting or just after the turn off 
of the discharge lamp 15. When the direct current 
power supply 19 is turned on, similarly to the 
lighting device of Example 1, the high frequency 
inverter 20 oscillates at first at a low frequency of 20 
about 2 kHz and provides a voltage of the low 
frequency to the series resonance circuit. If a high 
frequency- resonance voltage generated by the res- 
onance circuit superposes the low frequency volt- 
age, the detector 17 detects the resonance voltage. 25 
When the resonance voltage is detected, the light- 
ing controller 71 changes the oscillation frequency 
of the high frequency inverter 20 to a frequency of 
say about 33 kHz. This frequency is set to be 
about the third harmonic of the fundamental reso- 30 
nance frequency determined by the impedance of 
the LC series resonance circuit. Then, a resonance 
voitage of a few thousand volts is generated at the 
two terminals of the capacitor 13' to be supplied to 
the discharge lamp 15. Then, breakdown occurs 35 
between the main electrodes of the discharge lamp 

15, and the initial discharge is started. 

The operation of the high frequency inverter 20 
after the breakdown to the stable lighting is similar 
to in Example 1. That is, when breakdown occurs 40 
between the main electrodes in the discharge lamp 
15 and the initial discharge is started, the starting 
current generated by the resonance flows via the 
choke coil 14 to the discharge lamp 15. According 
to this series of operation, the discharge lamp 15 45 
can be started and lighted without being turned off 
during the transfer from glow discharge to arc 
discharge. 

Next, the operation of the lighting controller 71 
of this Example for starting (restriking) the dis- so 
charge lamp 15 in the hot state will be explained 
below. The hot state means a state wherein a 
sufficient time does not pass after the discharge 
lamp 15 is turned off and the gas pressure, the 
temperature or the like in the arctube are higher 55 
than the counterparts in the cool state. In this case, 
the operation is the same as in Example 1 after the 
direct current power supply 19 is turned on and the 
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detector 17 detects the resonance voltage. 

In this Example, the detector 17 also has a 
function to detect the lamp state by detecting the 
lamp temperature such as the surface temperature 
of the arctube of the discharge lamp 15 or the 
temperature of the environment around the dis- 
charge lamp 15 and to decide if the discharge 
lamp 15 is in the cool state or in the hot state. If 
the discharge lamp 15 is detected to be in the hot 
state, the lighting controller 71 changes the oscilla- 
tion frequency of the high frequency inverter 20 up 
to say about 100 kHz higher than the frequency at 
the starting according to the detection signal from 
the detector 17. This frequency Is set around the 
fundamental frequency determined by the imped- 
ance of the LC series resonance circuit, and a 
resonance voltage higher than that on the reso- 
nance with use of the third harmonic is generated 
at the two terminals of the capacitor 13' to be 
supplied to the discharge lamp 15. Then, break- 
down occurs between the main electrodes of the 
discharge lamp 15. and the initial discharge is 
started. After the initial discharge is started, the 
starting current generated by the resonance flows 
via the choke coil 14* to the discharge lamp 15 and 
the glow discharge in the discharge lamp 15 trans- 
fers to arc discharge. The oscillation frequency of 
the high frequency inverter 20 is controlled in order 
to light the discharge lamp 15 in the rated con- 
ditions. The action of the lighting controller 71 after 
the initial discharge is started and the control tech- 
nique of the oscillation frequency are the same as 
in the cool state. 

In general, when the discharge lamp 15 is 
started in the cool state, the electrode temperature 
is low. Therefore, even if breakdown occurs be- 
tween the main electrodes, the discharge vanishes 
often during the transfer from glow discharge to arc 
discharge because the starting energy is deficient. 
A high voltage is not necessary for the transfer. 
However, it is necessary that the resonance current 
is large enough to rise the electrode temperature 
sufficiently. Therefore, if the energy for transfer 
from glow discharge to arc discharge is supplied 
by the resonance circuit of the power supply as in 
this Example, it is preferable that the resonance 
frequency is low. 

In this Example, the high frequency inverter 20 
is operated at about 33 kHz though the fundamen- 
tal resonance frequency is about 100 kHz when the 
discharge lamp is started in the cool state. There- 
fore, though the resonance voltage is low due to 
the resonance at a frequency lower than the fun- 
damental resonance frequency, a sufficient energy 
can be supplied to the discharge lamp 15 due to 
large resonance current, so that the starting char- 
acteristic of the discharge lamp 15 in the cool state 
can be improved. 
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Further, the third harmonic of the fundamental 
frequency Is used as the resonance frequency in 
this Example. Then, if the inductance value is taken 
constant on determining the resonance conditions 
in order to prevent the enlargement of the choke 5 
coil 14', the capacitance of the capacitor 13' is not 
needed to be three times that for the resonance at 
the fundamental frequency though the resonance 
occurs at a frequency of a third of the fundamental 
resonance frequency. Therefore, the enlargement io 
of the capacitor for generating a large resonance 
current needed to supply starting energy to the 
discharge lamp 15 can be prevented. If the capaci- 
tance 13* connected in parallel with the discharge 
lamp 15 becomes larger, the discharge lamp 15 is 
becomes harder to start because the lamp current 
has a rest period, or flickering happens or the 
discharge may vanish in a period after the starting. 
However, such problems can be avoided, while the 
starting circuit can be made more compactly and 20 
the starting characteristic can be improved. 

When the discharge lamp 1 5 is restriked in the 
hot state, the energy to be supplied to the dis- 
charge lamp 15 for the transfer from glow dis- 
charge to arc discharge can be decreased when 25 
compared with the starting in the cool state, be- 
cause the electrode temperature is high sufficient- 
ly. 

However, because the temperature and the 
pressure in the arctube are high in the hot state, a 30 
higher voltage is required than for the start in the 
cool state. Therefore, the high frequency inverter 
20 is operated at the fundamental frequency to 
supply a higher resonance voltage than in the start 
in the cool state in order to cause breakdown 35 
between the main electrodes easier. 

Thus, the starting characteristic of the lighting 
device can be Improved irrespective of the state of 
the discharge lamp 15. Further, the lighting device 
can be made more compactly to a large extent. 40 

Although the present invention has been fully 
described in connection with the preferred embodi- 
ments thereof with reference to the accompanying 
drawings, it is to be noted that various changes and 
modifications are apparent to those skilled In the 45 
art. Such changes and modifications are to be 
understood as included within the scope of the 
present invention as defined by the appended 
claims unless they depart therefrom. 

50 

Claims 

1. A lighting device of discharge lamp, compris- 
ing: 

a resonance circuit including a series cir- 55 
cult consisting of a coil and a first capacitor; 

a discharge lamp connected to the con- 
nection of said coil and said capacitor of the 
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series circuit of said resonance circuit so that 
the voltage between the two terminals of said 
capacitor of said resonance circuit is applied to 
the discharge lamp; 

an oscillator circuit which can supply an 
alternating voltage to said resonance circuit 
through a driver circuit, which oscillator circuit 
can oscillate at a first frequency around the 
resonance frequency of said series circuit and 
at a second frequency different from the first 
frequency; 

a pulse generator connected to said dis- 
charge lamp In series or in parallel for sup- 
plying pulses, the voltage of which pulses be- 
ing high enough to cause breakdown in said 
discharge lamp; 

a detector for detecting a lamp character- 
istic which can be used to confirm the starting 
of said discharge lamp; and 

a lighting controller for controlling the light- 
ing of said discharge lamp by making said 
oscillator circuit oscillate at the first frequency 
when said detector does not confirm the start- 
ing and by allowing said oscillator circuit stop 
the resonance of said resonance circuit after 
said detector confirms the starting. 

2. A lighting device according to Claim 1, wherein 
said lighting controller controls the lighting by 
changing the oscillation frequency of said os- 
cillator circuit according to the lamp character- 
istic detected by said detector. 

3. A lighting device according to Claim 1, wherein 
said lighting controller controls the lighting by 
changing the duty ratio of the oscillation of 
said oscillator circuit according to the lamp 
characteristic detected by said detector. 

4. A lighting device according to Claim 1, wherein 
said lighting controller controls the lighting by 
restricting the output current of an electric 
power supply for said oscillator circuit accord- 
ing to the lamp characteristic detected by said 
detector. 

5. A lighting device according to Claim 1, wherein 
said resonance circuit includes a second ca- 
pacitor which is connected in series to the 
series circuit of said resonance circuit and to 
said oscillator circuit. 

6. A lighting device according to Claim 1 , wherein 
said lighting controller makes said pulse gener- 
ator stop the generation of pulses when said 
detector confirms the starting of said discharge 
lamp. 
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7. A lighting device according to Claim 1 , wherein 
said pulse generator comprises a third capaci- 
tor and a charger being connected to said 
oscillator circuit and charging the capacitor to 
supply pulses to said discharge lamp. 

8. A lighting device according to Claim 7, wherein 
said pulse generator further comprises a dis- 
charge gap connected to said third capacitor 
for generating high voltage pulses. 

9. A lighting device according to Claim 7, wherein 
said lighting controller makes said charger stop 
the charging of said third capacitor when said 
detector confirms the starting of said discharge 
lamp. 

10. A lighting device according to Claim 1, wherein 
said lamp characteristic detected by said de- 
tector is resonance voltage or resonance cur- 
rent of said resonance circuit. 

11. A lighting device according to Claim 1, wherein 
said lamp characteristic is the resonance cur- 
rent flowing in said resonance circuit. 

12. A lighting device according to Claim 1. wherein 
said lamp characteristic is the lamp voltage of 
said discharge lamp. 

13. A lighting device according to Claim 1, wherein 
said lamp characteristic is the lamp current of 
said discharge lamp. 

14. A lighting device according to Claim 1, wherein 
said lamp characteristic is the luminous inten- 
sity of said discharge lamp. 

15. A lighting device according to Claim 10, 
wherein said detector detects said resonance 
voltage or resonance current which rises above 
a predetermined value, further comprising a 
pulse controller which generates a trigger 
pulse to operate said pulse generator accord- 
ing to a signal received from said detector, 
which pulse generator having a switch element 
with a control terminal for supplying pulses to 
said discharge lamp in response to a trigger 
signal from said pulse controller. 

16. A lighting device according to Claim 1, further 
comprising an oscillation controller for control- 
ling said oscillator circuit to oscillate intermit- 
tently so that a first period wherein the oscilla- 
tion is performed and a second period wherein 
the oscillation is stopped are repeated in turn, 
and a high voltage pulse generator for generat- 
ing a trigger signal to operate said high fre- 
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quency pulse generator synchronously with the 
generation of resonance voltage in response to 
a signal from said oscillation controller in a 
period when said oscillator circuit is operated. 

5 

17. A lighting device according to Claim 10, further 
comprising an oscillation controller for control- 
ling said oscillator circuit to oscillate intermit- 
tently so that a first period wherein the oscilla- 

10 tion is performed and a second period wherein 

the oscillation is stopped are repeated in turn, 
and a high voltage pulse generator for generat* 
ing a trigger signal to operate said high fre- 
quency pulse generator synchronously with the 

75 generation of resonance voltage in response to 

a signal from said oscillation controller in a 
period when said oscillator circuit is operated. 

18. A lighting device according to Claim 1, wherein 
20 said lighting controller controls the oscillation 

frequency of said oscillator circuit so that said 
coil does not saturate when the resonance 
voltage is generated in said resonance circuit 
while said coil saturates when a large starting 
25 current has to be supplied to said discharge 

lamp after said detector confirms the starting 
of said discharge lamp. 

19. A lighting device according to Claim 1, wherein 
30 said pulse generator has a rectifying circuit, 

which rectifying circuit rectifying the voltage of 
said resonance circuit for supplying said 
pulses. 

35 20. A lighting device according to Claim 19, 
wherein said pulse generator has a fourth ca- 
pacitor to charge a voltage generated by said 
rectifying circuit and a discharge gap con- 
nected to said capacitor for generating said 

40 pulses. 

21- A lighting device according to Claim 1 , wherein 
said pulse generator has a fifth capacitor to 
charge a voltage generated by a rectifying 
45 circuit and a discharge gap connected to said 

capacitor for generating said pulses, whereby 
said voltage supplied to said fifth capacitor is 
high enough to cause breakdown in said dis- 
charge gap to generate said pulses. 

50 

22. A lighting device according to Claim 21, 
wherein the primary winding of a transformer Is 
provided as said coil of said resonance circuit 
and the secondary coil of the transformer is 

55 connected to the input of the rectifying circuit. 

23. A lighting device according to Claim 10, 
wherein said detector detects the phase of 

15 
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said resonance cun'ent or resonance voltage 
so as to operate said pulse generator in syn- 
clironization with the resonance current around 
the peak value. 

24. A lighting device according to Claim 23, 
wherein said pulse generator includes a thyris- 
tor operated according to the detected phase. 



resonance frequency of said resonance circuit 
or a harmonic of the resonance frequency ac- 
cording as the lamp characteristic detected by 
said detector shows that the discharge lamp is 
6 in the hot state or in the cool state. 

32. A lighting device according to Claim 31, 
wherein said lighting controller controls the os- 
cillation frequency of said oscillator circuit at 
least when said discharge lamp is started 
again. 



25. A lighting device according to Claim 10, further io 
comprising a pulse controller which generates 
a trigger pulse to operate said pulse generator 
according to a signal received from said detec- 
tor, which pulse generator having a switch ele- 
ment with a gate terminal able to be used to 75 
supply pulses to said discharge lamp in re- 
sponse to a signal from the pulse controller, 
wherein said detector detects the phase of 
said resonance current or resonance voltage 
and sends a signal to operate said pulse gen- 20 
erator in synchronization with the resonance 
voltage around the peak value and said pulse 
generator sends the signal to said pulse gener- 
ator for said gate terminal of the switch ele- 
ment. 25 



26. A lighting device according to Claim 1 , wherein 
said pulse generator applies said pulses to 
said discharge lamp via an auxiliary electrode 

for starting, which auxiliary electrode being set 30 
in an arctube of said discharge lamp. 

27. A lighting device according to Claim 26, 
wherein at least a plane of an auxiliary elec- 
trode, which plane being located counter to the 35 
arctube of said discharge lamp, is coated with 

an electrically insulating material. 

28. A lighting device according to Claim 26, 
wherein said high frequency pulse generator is 40 
Installed in said discharge lamp. 



29. A lighting device according to Claim 1, wherein 
said pulse generator applies said pulses to 
said discharge lamp via an auxiliary electrode 45 
for starting, which auxiliary electrode being set 
externally around an arctube of said discharge 
lamp. 



30. A lighting device according to Claim 29, so 
wherein at least a plane of an auxiliary elec- 
trode, which plane being located counter to the 
arctube of said discharge lamp, is coated with 

an electrically insulating material. 

55 

31. A lighting device according to Claim 1, wherein 
said lighting controller controls the oscillation 
frequency of said oscillator circuit to be the 
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